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The measurements
At the time of the Evian Meeting we presented an Expression of Interest on "Total
cross section, elastic scattering and diraction dissociation at LHC". We briey recall
here that we want to perform the following measurements.
1) Elastic scattering in the largest possible interval of momentum transfer from the




) up to  t  10 GeV
2
.
2) Total cross section.
i) In the luminosity independent method we shall get 
tot
from the simultaneous measure-



















is obtained from the extrapolation of the dierential elastic rate to
the optical point (t = 0).
ii) Measuring the machine luminosity with the Van der Meer method we will get 
tot
simply from the extrapolation of the elastic rate to the optical point.
iii) Absolute normalization of the elastic rate dN
el
=dt by means of Coulomb scattering.
3) Study of the single diraction dissociation process
p + p! p+X
by detecting the proton which is scattered quasi-elastically in coincidence with the decay
products of the diractively produced system X in a "forward vertex detector".
4) Production of 
0
in the near forward direction to study scaling in the fragmentation
region at rapidities very close to the beam rapidity. This is of special interest in connection
with the interpretation of very high-energy cosmic ray interactions.
The apparatus
The experimental apparatus will essentially consists of
1) Elastic scattering detectors of small size and high spatial resolution placed symmet-
rically on both sides of the intersection region. They could be improved and miniaturised
versions of the "Roman pots" used at the lower energy machines. These detectors will be
placed in the vertical plane, where the beam is generally more stable, and will approach
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the machine axis from above and below. They will also be used to detect the proton
which is scattered quasi-elastically in single diraction dissociation.
2) A "forward vertex detector" covering, on both sides of the crossing, an interval of at
least three pseudo-rapidity units (6    9) close to the beam rapidity (y
beam
= 9:6). The
minimum angle is of about 0.3 mrad and the maximum angle of the order of one degree.
This detector will be used for the measurement of the inelastic rate. It is specically
intended to observe events of diractive type. An electromagnetic calorimeter near the
forward direction will complement this "forward vertex detector".
The whole equipment is of small size in the direction transverse to the beam and will
easily t inside the existing tunnel without any need for civil engineering. In addition it
will presumably be compatible with any other detector or equipment placed around or
near the crossing region.
Requirements on the insertion
At high energy, elastic scattering is conned to such small angles that the measurement
becomes feasible [1] only in a special insertion with high 

. In this preliminary document
we list the requirements on the optics of the insertion.
Using standard notations and referring to the projection on the vertical plane, we write
the displacement y at the detector as a function of the displacement y
?
at the crossing






















are the values of the betatron function (in the vertical plane) at the cross-
ing point and at the detector respectively. The phase advance of the betatron oscillations









=ds). The beam size

y
and the beam angular divergence 
#
are written in terms of the emittance  (dened at















the eective distance L
eff
of the elastic detectors from the crossing point.
Insertions are usually designed with the -function symmetric around the crossing
point, i.e., 

=0. Then, the best conguration for elastic scattering corresponds to the
optics with parallel-to-point focusing from the crossing to the detectors. This is achieved
when the elastic detectors are placed at the position where the phase advance is  = =2.
In this conguration the beam size at the crossing point becomes irrelevant and the











The minimum distance of approach of the inner edge of the detectors to the beam
axis, y
d












At the SPS Collider it was empirically found in the experiment UA4 that the parameter
K was between 15 and 20, depending on the machine conditions. In the same experiment
a space of about 1 mm between the inner edge of the detector and the edge of the "Roman
pot" was lost for reasons of mechanical construction. We assume that with a new design
this dead space will be reduced and be negligible at LHC.
In the following we assume that space will be available at the position where  = =2
to place the elastic detectors there. For the protons which hit the detector just on its inner
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We notice that the angle #
d










j  2 jt
d
j (2)




The parameter K may be controlled, to some extent, by the system of scrapers and
collimators which will protect the detectors from being hit by particles of the beam halo.
The eciency of the scraping system is crucial for this experiment. At present, taking
K = 20 and a beam emittance  = 4  10
 10
m at the nominal beam momentum, p = 7
TeV, we can make the following estimates for two dierent options.
1) Extrapolation of the elastic rate to the optical point for the measurement of 
tot
. At
low-t, dN=dt  e
bt
and the slope parameter b is expected at LHC to be b  20 GeV
 2
.
















, eq.(1,2) give 

' 1500 m.
2) Absolute normalization of the elastic rate with Coulomb scattering and measure-
ment of the parameter  (ratio of the real to the imaginary part of the forward hadronic
amplitude). The minimum value of t should be jt
min











, eq.(1,2) give 

' 30000 m .
An additional requirement comes from the fact that the actual distance y
d
of the inner
edge of the detectors from the machine axis should not be too small, in order to avoid
problems from possible beam instabilities. We tentatively assume a minimum value for
y
d





 2 mm (3)









must not be less than a certain value. For the two options







For a given value of 

, already xed by the requirement of minimum t, eq.(3) can be




In spite of the reduction due to the increased size of the beam at the crossing, the
luminosity in the proposed high-

insertions will still be so large that for low-t diractive
processes there is a very large margin of safety as far as the rate is concerned.
A preliminary study of a high- insertion for LHC with 
?
= 0 was presented by
W.Scandale at the Aachen Workshop [2]. The  value at the crossing is 
?
= 750 m in
3
both the horizontal and the vertical plane. This study is a rst step toward the design
of a suitable insertion for option (1), i.e. extrapolation to the optical point. It is not
far from fullling the requirement on 

but has the disadvantage of a too short eective
distance, L
eff
' 35 m. It indicates that an insertion for option (1) with detectors placed
within the straight section should be feasible.
The insertion should be designed with a tunable 

to allow measurement of elastic
scattering also in the large momentum transfer region. On the basis of previous experience
at the SPS Collider, we suggest a scheme (see Fig.1) where the insertion is operated at
high-

for elastic scattering at low-t and at medium-

for large-t. An insertion with


 10 m is very suitable for the measurement of elastic scattering at large momentum
transfer.
Finally we want to stress the importance of implementing at LHC a method to mea-
sure the machine luminosity, specically the Van der Meer method if it turns out to be
technically feasible.
Conclusions
The experimental apparatus for the measurements that we propose is intimately linked
to the layout of the machine elements in the straight section. If the LHC Committee
believes that these measurements are worth doing, we wish to suggest that some time
should be devoted by machine experts to the design of a suitable insertion in collaboration
with us.
From our side, the design of the detectors, the work on the simulation of acceptance
and background and the study of radiation damage will then proceed with the aim of
submitting a Letter of Intent.
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